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FOREWORD 


An electrical supply system that is adequate in its distribution and 
anticipates all foreseeable load conditions is essential to modern hospitals • 
This is difficult to accomplish because medical and technological advances 
are bringing increasingly complex electrical and electronic equipment to 
bear on patient care . 

Guidelines for electrical installations for architects and engineers 
concerned with hospital construction were initially issued in 1949 by the 
Division of Hospital and Medical Facilities of the Public Health Service 
and revised in 1952, 1959, 1961, and 1965. In this x’evision, the guide- 
lines have been rewritten to reflect changes in current practices, to pro- 
vide up-to-date references to applicable codes and standards, and to con- 
form with recommended design practices that should be followed in the 
construction of hospital and health facilities . 


It is hoped that this publication will be useful to architects , engineers, 
and others concerned with providing optimum hospital electrical system 
facilities ♦ 



Harald Gran^g, M.D, 
Assistant Surg^i C^neral 
Director, Heal^h^Femilities Planning 
and Construction Service 
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INTRODUCTION 


Electrical energy is the one source of power 
ipon which almost every function of the hospitai 
lepends. Electricai power supply to the hospital 
nust be adequate and dependable, and electrical 
quipment utilized in the hospital should be of an 
pproved type and of the best quality available . If 
he normal electric service is Interrupted, certain 
quipment should be connected immediately to an 
mergency service: blood- and bone-bank refrig- 
rators, respirators, electrical Impulse devices 
lat stimulate and regulate heart action, and other 
ritical equipment, including some lighting and 
3me boiler-control equipment. Interruptions of 
ectrical power in any part of the hospital will 
5riously interfere with work in that area and may 
feet other areas also . ^ 


For adequate patient care, the hospital must 
)erate continuously and always be ready for emer- 
sneies . The functioning of the hospital on a 24- 
lur basis, made possible by electrical services, 
quires the use of top quality equipment through- 
t to afford the highest dependability. To Intple- 
3nt this dependability, design, construction, and 
leration of these service facilities should be 
ovided by, or under the direction of, top quality 
mtrical engineers in these respective fields . 


Data show that the overall cost of operating 
a hospital for 3 years is approximately equal to 
the total construction cost of the hospital for sim- 
ilar labor and wage conditions. Although cost data 
on the electrical system alone are difficult to ob- 
tain, available data indicate that empliasis should 
e placed on design of an electrical system that 
will operate economically and provide for easy 
maintenance, rather than only on the least possi- 
ble installation cost. Careful design, good con- 
struction, and the use of readily available high- 
grade standard types of materials that are best 
suited for each purpose will assure minimum op- 
erating and maintenance costs. Contract costs of 
electrical equipment and installations in hospitals 
of conventional design, using fossil -fuel -fired 
boilers for heating, exclusive of elevators, are 
about 14 percent of the total construction costs. 
The use of mobile electrical and electronic equip- 
ment will add approximately 7 percent to the costs. 

Studies by the U ,S . Public Health Service indi- 
cate that noise in hospitals disturbs patients to a 
degree that may retard or interfere with their re- 
covery. Because many objectionable noises are 
caused by electrical and mechanical equipment, 
care should be exercised in the design, specifica- 
tions, and location of equipment so as to minimize 
such noises . 


CODES AND STANDARDS 


In general, all electrical service lines, equlp- 
nt, and connections should conform to current 
-ions of applicable national codes and to the local 
es if their requirements exceed those of the 
^onal codes * 

A listing of the national codes and standards 
licable to hospitals and health facilities is given 
eferences 1, 2, and 3* 

Some of these codes and standards apply to 
lospitals whereas others may not apply in all 
Js, Recommended practices and committee 
>rts, similar In contexture to standards pro- 
id by the Illuminating EngineerlngSociety (lES) 
the Institute of E 1 e c t r 1 c a 1 and Electronics 


Engineers, Inc,, (IEEE) provide reliable and use- 
ful information. The codes and standards most 
frequently used, or referenced, should be readily 
available to those planning, constructing, or in- 
specting hospital and health facilities. As a min- 
imum, these should include, but should not be 
limited to, the following: 

Cod es and Standards of the National Fire 
Association (NFPA) ' 

NFPA No. 70, National Electrical Code i(al/ 
NFPA No. 56, Code for the Use of Flammable An- 
esthetics 

NFPA No. 76, Standard for Essential Hospital 
Electrical Service ^(^)/ 
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Ni-PA No. 101, Life Safety Code 
•NFPA No. 78, Lightning Code llsi/ 

Code s of the United States of America Standards 
In stitiite (USAS!) 

A17. 1-1965 and Supplement A17,la, Elevators, 
Dumbwaiters, and Moving Walks, Safety Code 
for 


Ai7. 2-1960, Elevator's, Inspection Matu!;; 
Y32. 9-1962, Architectui'cil and Electrical 1 . 
Drawings, Graphic Electrical Wiring S ,; 
for 3(d)/ 

ZIO. 1-1941, Abbreviations for Scientific at 
jglneering Terms 3(e)/ 


SERVICE MAEVS 


-Main Electrical Service 


Consultation with the local utility company con- 
cerning the services available, rates, connection 
points, and conditions to be met Is a planning pre- 
requisite to any decision on the voltage and arrange - 
ment of feeders to be brought into the building. 


The decision as to whether primary or sec 
ondary service is to be brought into the buUdin 
should l>e based on pertinent local conditions ani 
consideration of advantages and disadvantages o 
both t>T}es. voltage drop, length ofsecondar' 
evders, installation cost, maintenance cost, utU- 
uy rate of power consumed, and insurance rate 
ifierence. if any. An underground serviceusual- 
costs four to eight times that of a conventional 
Dita^ but often is preferred for hos- 

S landscaping and less probability 

of service interruptions caused by storms Ice 
oacls , or other overhead disturbances . (See ref- 

erences 1(a) and (m) and 2(a) for codes applicable 
to utility service lines , ) PPiicanie 


formers, or substations, to minimize the ler:; ' 
of low -voltage feeders, thereby maintaining Ik r:' 
voltage regulation. 

Overvoltage as well as iindervoltage is u; ^ 
sirable. For example, a 10 percent overvob-,. 
reduces filament lamp life to about 75 percent 
decreases power factor of general purpose nuit i 
from 0.3 to 0.6 percent; a 10 percent undeiToI? a 
decreases filament lamp lighting output alxiut 
percent, affects operating characteristics of ri; 
tors (see section on Motors), and may resuU i: 

poor or slugglsli operation of electrical corrr ^ 
devices . 


voltage circuits for light and power, two or nn^ 
substations will permit sliorter feeders and c - 
responding lesser voltage drop. Also automai 
voltage regulators of the air-cooled induction tv 
are sometimes used to maintain a near consLi 
voltage on lightning circuits . 


If primary service is purchased, the hosnlml 
tran f and maintain the step-down 

transformers, switches, disconnectors anLthPr 

-=t»n*tos.He up nVrTrr 

provide an overvoltage at thP ^^^"sforiner to 


V inside the hosm 

should be indoor types, either nonflammable I 
uid-lmmersed or dry type . Open dry-type tLr 

fmSrtTOes''''^Tr^ impulse strength than liqm 
are f frequent cleaning a 

ultablefor indoor use only. Sealed drv-tv 



smaller hospitals. The cirawout type is more ex- 
pensive to install but provides a higher degree of 
protection, reliability, and ease of maintenance. 

Three-phase, 4-wlre l20/208Y-voltdlstribu- 
tion systems are generally preferred for small 
hospitals because of economy and convenience in 
providing for bodi single -phase and 3-pliase con- 
nections at the distribution panels. For operation 
of large motors, higher voltage is preferred to re- 
duce feeder and equipment sizes . An intermediate 
system is the 3 -phase, 4-wire 277/480Y-volt sys- 
:em, using separate transformers of the dry type 
:or 120-volt service. The nominal voltage of any 
listribution system should be that of an bidustry 
standard conforming to USASI Publication C84 . i - 
.954. M)/ 


Some of tliese preferred voltages tltat are ap- 
llcable to hospital distribution systems are siven 
n table 1 . 


Tlie current-carrying capacity of the service 
onductors brought into the building sliould be great 
nough to carry tlie maximum demand, or peak 
)ad, without excessive voltage drop, 


rnaximu m demand for hospitals of equal 
zes may vary considerably because of design, 
imatic conditions, and metliod of operation , Dui'- 
g the past few years, the maximum demand per 
'spital bed has increased because of added alr- 
ndltionlng equipment, new appliances, and im- 
oved lighting. Estbnates of the demand for plan- 
ig new construction can only be approximate , 


The following data may serve as guides in load 
recastingfor hospital construction: In 1951, cle- 
tnd load data on several hospitals grouped ac- 
trding to size showed that the maximum demand 
■88 hospitals havingan average of 800 beds was 
>e/-i 1 I'ospltals havlnganaverage 

55 0 beds it was 0.38 kw per bed; and for 11 hos- 
alshaving anaverage of 270 beds it wasO.66 kw 
ed . The greatest demand for any of these 
pltals was 1 , 09 kw per bed ♦ 


Resurveys of representative groups of these 
totals were made six years later to obtain a 
Id in changes in power demands , The following 


r esults were obtained . Of the group of hospitals 
that formerly had an average demand of 0.66 kw 
per bed, seven showed an average increase in de- 
mand of 56 percent. Another group that formerly 
had an average demand of 0.38 kw per bed showed 
an increase averaging 68 percent in ten years. 
The highest demand of any hospital in this group 
at the time of resurvey was 1 .5 kw per bed. 

Data supplied in 1959 on 34 hospitals con- 
structed in California show a considerably gi-eater 
power demand than that reported above. The av- 

eragedemandforthesewas l,56kwperbed, rang- 

mgfrom 0.66 to 3.7 kw per bed. in 7 of these 34 
hospitals, the entire building was air conditioned. 
The power demand in a completely air -conditioned 
twice that of a nonair -conditioned 


The 1962 Utilities Survey by the U.S. Public 
Health Service covering 41 hospitals widely sep- 
arated geographically in the United States shows 
that power demands have continued to Increase 
since the initial survey in 1951. This 1962 sur- 
vey showed Uiat in a modern 200-bed hospital ful- 
ly air conditioned, with electric cooking, high- 
speed elevators, laundry, good lighting and other 
modern electrical services, electric power de- 
mandsran as high as 3.9 kw per bed. This figure 
can be partially broken down as follows: 1.95 kw 
for air conditioning, 0.78 kw for lighting, and 1,17 
kwfor other power and motor loads . One -third of 
the 41 hospitals surveyed were fully air conditioned 

and had maximum demands averaging 3.0 lev per 
bed. ^ 


Aspot check of hospitals in Washington, D.C. , 

and nearby Virginia showed maximum (peak) de- 
mands during 1967 as follows ; 


• Seven general hospitals in Virginia had an 
avei'age of 2 ,34 kw /bed for the group, rang- 
ing from 1 .20 to 3.40 kw/bed. 

• One additional all-electric general hospital 
had a peak demand of 10 .92 kw/bed , 

• Five general hospitals 111 Washington, D. C. , 
had an average peak demand of 4.28 kw/bed 
for the group, ranging from 3 .5 to 4 . 8 kw/ 
bed. 


332-640 0 • SQ « 2 
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Table 1 .--SYSTEM VOLTAGES - AT POINT OF UTILIZATION BY EQUIPMENT 


Preferred 

Base 

Voltage 

Preferred 
Nominal 
System 
Voltage (a)(b) 

Voltage Zones Above and Below Preferred Nominal System Voltages 
Favorable Zone Tolerable Zone (c) 

Minimum 

Maximum 

Minimum 

Maximum 

120 

120 

IJO 

125 

107 

127 

120 

120/220 

110/220 

125/250 

107/214 

127/254(d) 

120 

120/208Y 

1U/J97Y 

125/217Y 

UI/193Y(d) 

127/220Y 

120 

240 

210 

240 

200 

250 

120 

480 

420 

480 

400 

500 

120 

600 

525 

600 

500 

625 

120 

2400 

2200 

2450 

2100 

2540 

120 

2400/4160Y 

2200/3 aiOY 

2450/4240Y 

2100/3630Y 

2540/4400Y 

120 

4800 

4400 

4900 

4200 

5080 

il5<e) 

690Q(e) 

6300 

6900 

6000 

7200 

120(e) 

7200(e) 






277/480Y (f) 



254/289 

440/500 


NOTES: (a) Except for the first line, which indicates the usual single -phase system > the figures in 
the second column refer to three-phase systems. 

(b) In order that other numerical designations for system voltages which are sometimes 
used may be interpreted in terms of the "’Preferred Nominal System Voltages*’ values 
shown in Table 1, the following tabulation has been prepared showing some of the other 
designations . It should be emphasized thatall of the different values on any one line re- 
fer to the same system as defined by its zone values in Table 1 , 


Preferred Nominal 

System Voltage 

Other Designations 
for Identical Systems 

120 

110, 115 or 125 

120/240 

110/220 or llS/230 

120/208Y 

115/199Y 

240 

220 or 230 

480 

440 or 460 

600 

550 or 575 

2400 

2200, 2300 or 2500 

2400/41 60Y 

2810 or 4000 

4800 

4400, 4600 or SOOO 

7200 

6600, 6900 or 7500 

4800/8320Y 

8000 


(c) Equlpmentdeslgned for the Favorable Zone wUl in general give fairly satisfactory oper- 
atlonthroughout the Tolerable Zone, except that modification of loading or alternate tie- 
signs may be required for certain types of equipment. 


(d) Equipmentto be used on both the 120/208Yand the 240-volt systems mustrecognlze the 
minimum voltage of the former and the maximum voltage of the latter . 



ELECTRIC POWER SYSTEMS 


Typical Arrangement of 
Power Systems 

Electric power systems for hospitals must, 
as a minimum, include two separate sources of 
electricity- -a normal source and an alternate 
source. ^>5 / The normal source supplies the 
entire hospital except when this source is inter- 
rupted, When the normal source is Interrupted, 
the alternate source is connected to specific im- 
portant circuits . In most cases, the normal source 
is a public utility service feeder and the alternate 
source is one or more generating units on the hos- 
pital site, or the alternate may consist of two 
sources --a second utility feeder and one or more 
generators on the site. (See diagrams in figs. 1 
to 4, inclusive.) 


Oii-Site Generation of 
Normal Power Source 

In some cases , the normal power source is 
supplied entirely by generators on the hospital site . 
Systems of this type are generally referred to as 
total energy systems. The alternate source may 
then be a utility service feeder or additional gen- 
erating capacity. This additional capacity may be 
supplied by one or more separate generators re- 
served for emergency use only or by one or more 
generators that supply the normal source . These 
generators must be so sized, operated, and con- 
trolled, that with one or more of them out of serv- 
ice because of breakdown, repairs, or routine 
maintenance, the remaining generators In service 
have the capacity and are automatically controlled 
for maintaining continuous service to the specified 
emergency and critical circuits . 


Emergency Generating Unit Prime 
Movers Used for Other Service 


the other equipment and reconnecting the genera- 
tor. Hie recoupling and generator unit controls 
should be such that the generator is capable of de- 
livering the emergency power demand within 10 
seconds from the time normal service is inter- 
rupted. In this situation, prime movers and gen- 
erators should be so sized and operated that when 
one prime mover is out of service because of 
breakdown, repairs, or routine maintenance, the 
remaining units are capable of supplying the spec- 
ified emergency circuits within the time limit 
specified (10 seconds). 


Design to Meet Local Needs 

Codes and standards for the installation of the 
ordinary normal electric power systems are gen- 
erally well known and routinely followed. The 
emergency or alternate systems for hospitals pre - 
sent more of a problem because of the relative 
newness of applicable standards and the varia- 
tions permitted to meet local needs . 


HOSPITAI. ELECTRICAL SERVICE 
(Monnal Diiil RmcigCAcy) 


Ullliiy Pcodcr 



Optional Critical Electrical Sya<eni 


Prime movers of emergency generating units 
are sometimes used for driving other equipment, 
such as air compressors, when not required to 
drive the generators to supply emergency electric- 
ity. Where such operation is permitted, there 
should be two or more of these units , each equipped 
with a quick-change coupling device for detaching 


Figure 1 .- -Typical arrangement of main electri- 
cal service facilities for hospital supplied by one 
utility service feeder and one or more emergency 
generators , showing the generator emergency 
service interconnected with the utility service 
ahead of the main service switch, (NEC 700-8 
and 10) 
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the local enforcing authority, they itsuallval- 

lect desVer to sa- 

meet the of systems and services that 

Sfa nartr®! “^vantage 

lor a particular hospital , ° 

be famil!r^^*^^u^ electrical design engineer will 

o™ met. One 

reS!o ^^®^ollowlngnational codes, standards, 
electrirnf^’ guides may apply to emergency 

^0 National ry...' 

S„, ' . 0“ ™- ^Sla»i„hfny 

g^gftaLEl££ixlgaLSgryice, nfpa No. 76, M/ 
and th Service Publication No. 930-A-7, 1/ 
lines . *5 / Hospital Association’s guide- 

and]!>!^^^^ been adopted by most States 

hE.a enforcing authorities . NFPA No . 76 has 
in /srim some States and is being followed 

melocations in other States. PHS Publication 




No. 930-A-7 applies specifically to hospitals and 
health facilities constructed under the Hill-Burton 
program . American Hospital Association guide- 
lines for emergency electric services are directed 
to member hospitals of the Amer ican Hospital 
Association. 


Sources of Emergency Power 

Because most inspection authorities require 
compliance with the NEC, attention is directed to 
sec . 700-6 of the Code with permits an option of 
selecting any one or more sources of emergency 
electricity as follows: 

Section 700-7 — Storage battery. 

Section 700-8- -Generating set . 

Section 700-9- -Separate utility service line 

Section 700-10--C onne c t ion to the normal 
service feeder ahead of the main disconnec- 
ting means . 

NFPA No . 76 and PHS Publication No. 930-A- 
7 require that a generating set be located on the 
hospital site. Additional sources of emergency 
electricity may be provided when they are avail- 
able and practicable to obtain. AHA guidelines 
recommend essentially the same sources as NFPA 
No. 76 and PHS Publication No. 930-A-7. Storage 
batteries are useful supplements to the emergency 
electrical systems, but they should not be used in 
place of a generator or utility service feeder as 
the source of energy for the emergency electrical 
system . They can only deliver full power for a 
relatively short time, and their d-c current is not 
suitable for direct Interchange with a-c currentfor 
some equipment, such as fluorescent lamps and 
most motorized equipment. Storage batteries are 
usually supplied as a part of unit equipment con- 
sisting of battery, cliarger and light, and a self- 
contained emergency lighting unit described in NEC 
sec. 700-22. 

Typical wiring arrangements for application 
of these code sections, except those pertaining to 
storage battery units, are Illustrated in figs. 1-4. 

Alternate Electric 
Service Connections 

Lightingand equipment to be energized by the 


alternate electric source are usually connected 
through two or more systems, sometimes desig- 
nated as emergency and critical systems . Divid- 
ing the alternate service into separate systems 
allows: (i) keeping the designated emergency 
system small so that its reliability will be pro- 
portionately great, (2) a mmimum footage of sep- 
arate raceways required for emergency conduc- 
tors, (3) separation of the alternate service into 
separate systems providing a high degree of pro- 
tection against total interruption of the alternate 
service due to a fault within the hospital wiring 
system, and (4) simplicity and possible economy 
in providing the transfer switching of equipment . 

Emergency lighting of hospital exihvays has 
been a requirement of the Building Exits Code (now 
the Life Safety Code) for many yenrs . The 

other codes, standards, and regulations mentioned 
above list additional lighting requirements and 
specific motorized equipment, controls, commu- 
nication, and alarm circuits. The aims of these 
codes and standards are to preserve the integrity 

the emergency systems by limiting the circuits 
that can be connected to it and to permit the re- 
maining needed circuit to be connected to other 
systems, such as the critical systems in figs . 1 - 4 . 

The needs of hospitals vary according to their 
program of clinical procedures . As an example, 
a hospital programed to do special procedures, 
such as open heart surgery, kidney, or other 
transplants, sliould provide for eriiergency oper- 
ation of all lightingand equipment needed for these 
procedures whether or not they are listed in codes 
and standards . 

Heating WMle Normal Electric 
Service is Interrupted 

Conventional steam heating plant . — Where 
space heating is required and provided bythe con- 
ventional steam boiler, provision should be made 
for emergency operation of the heating plant in- 
cluding motors, controls, and lighting needed for 
plant operation to assure safety of plant and oper- 
ating personnel as well as comfort of patients . 
Electrically driven pumps and fans used for cir- 
cuiatingthe heat medium (liquid or air) should be 
connected for emergency operation. 

Electric heating . - -Where electricity is the 
sole source of power for heating, the capacity of 
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the on-site alternate source of electricity should 
be sufficient to heat all areas of the hospital plus 
one sterilizer except as follows : In climates where 
the design temperature is more than+20‘^F, the 
capacity of the alternate source for heating opera- 
ting, delivery, labor, recovery, intensive care, 
and patient rooms and nurseries will not be re- 
quired. 

However , for hospitals that have an emergency 
generator and are also supplied by more than one 
utility service feeder, the generator capacity re- 
quired for emergency heating of the above -listed 
locations may optionally be reduced by the amount 
required for heating patient rooms . This is be- 
cause of the improvement in dependability of the 
utility service shown by records of interruptions 
of utility service to hospitals. The number and 
duration of simultaneous interruptions of both 
feeders of a double -fed hospital are considerably 
less than for the one feeder of single -fed hospitals. 

Patients under blankets will probably not be 
subjected to an unreasonably low temperature when 
heat is not supplied to the room for periods up to 
about two hours . However, the decision on whether 
to provide the additional generator capacity in ad- 
dition to a second utility feeder for heating of pa- 
tient rooms is optional and should be based on local 
requirements or local conditions . 


Fallout-Protected Hospital 
Emergency Service 

Hospitals designed for protectionagainst radi- 
ation fallout require a greater capacity of the alter- 
nate emergency service than ordinary hospitals 
because they must be equipped to care for more 
people for a longer time than ordinary hospitals . V 
It is estimated that the number of nonpatients who 
may be admitted to the fallout -protected hospital 
in an emergency may be approximately iO times 
t e normal occupancy of patients and staff. 


and kidney transplant are performed . T'li- i 
a number of different ways of suppiyiJi^.: ^ 
tially no -break power. For example, a[ie 
utilizes a storage battery for instantancou ' - 

ation of a motor -generator set to sup})ly ; 
during the short time required to start the ir;': , 
combustion engine generator set . Anotbe r i : ; 
uses a direct connected ge n e r a t o r -o n. i 
flywheel -motor assembly. During nornKil ; r 
by periods, when emergency power is r; " f 
quired, anelectric motor rotates theu^^r 
open-valved engine with heavy flywheel atr j ■ 
and the generator is regulated to deliver ikj 
I nterruption of normal electric supply aur^. 
cally disconnects the electric motor, stair " 
engine firing, and regulates generator con?, r = : 
deliver full voltage to the emergency systein. , 
the interim of changeover, the inertia of tin:* i : 
flywheel maintains rotation of the generating ? 

Generators on the hospital site may lx:* i . . 
by any suitable prime mover, such as ga^s d,,;.' 
gas, or diesel oil internal combustion engin*; 
steam turbines. Selection of the type of gen>. i 
ting unit is usually Influenced by the depembin ir: 
of fuel supply and whether the emergency pi . : 
will be used frequently to carry a part of tlnj 
during normal operation . Generally, the v 
combustion engine generating units are intcrrir; 
for use only during interruption of the UDifr: 
power supply. Steam turbine units, in addiri' r v 
emergency use, are sometimes operated d iu 
during periods of maximum demand. Such f.;,;.-:-. 
ation, if acceptable to the utility company, . : 
result in a lower total power cost, where the piM :; 
rate incorporates a demand charge • 

Installation of combustion engines atiLl 

supply tanks should comply with NFPA No, 37. 

Guidance in the selection of diesel engines ar.: 
associated auxiliary equipment is given in Nat U::, , ; 
Research Council Publication No. 1132. 


No-Break Electric Power 



An arrangement of internal distribution feed- 
ers so that a planned selection of loads may be 
connected or dropped from the emergency source 
is desirable to utilize more fully the available ca- 
pa city of the emergency service and also to prevent 
overloading to the point of trip -out of the entire 
system. Such a design is a particularly important 
convenience when a fixed or mobile emergency ca- 
pacity is added to the system . The transfer switch- 
ing from the interrupted normal power supply to 
the emergency power supply for lighting exit ways » 
operating and delivery tables, and equipment on 
which human life may depend, should be automatic. 
Pickup or dropout of other circuits for less critical 
areas and functions should be selective and maybe 
either manual or automatic . Simultaneous starting 
of several motors should be avoided . Manual or 
time-delay switching for these circuits is recom- 
mended. In some hospitals designed fortreatment 
of poliomyelitis patients, circuit feeders may be 
divided into three groups designated as ’’critical," 
"semicritical, " and "noncritical." 


Telephone— Main Seiwice 

The procedure for planning the telephone 
service is similar to that for electric service . The 
telephone company should be consulted to discuss 
rates and to determine the extent, type, and ar- 
rangement of service to be supplied . 

Usually it is the responsibility of the hospital 
to provide conduit, wire closets, and/or suitable 
space for installing telephone equipment. It is 
common practice for the telephone company to in- 
stall cables and other equipment . 

If the electric feeders are brought in under- 
ground, telephone cables should also be under- 
ground and should be routed to avoid locations 
where they would be subject to mechanical injury, 
excessive heat, and chemical erosion. 1/ Tele- 
phone and electric power conductors are not per- 
mitted in the same raceway, junction box, or cab- 
inet ♦ (See Telephones , p . 25 , ) 


EQUIPMENT 


Motors— Effect of Voltage 
and Frequency Variation 

Polyphase induction motors are designed to 
operate successively: (1) when the voltage vari- 
ation does not exceed 10 percent above or below 
normal; (2) where the frequency variation does not 
exceed 10 percent above or below the normal; and 
(3) where the sum of the voltage and frequency 
variation does not exceed 10 percent (provided the 
frequency variation does not exceed 5 percent) a- 
bove or below normal ♦ 

Where induction motors are operated at a volt- 
age or frequency above or below their normal rat- 
ing, the characteristics will vary approximately 
as shown in table 2. 


Motor Starters— For Large Motors 

Starting currents for motors normally range 
from 3 to 6 times the motor full -load running 
current. Large motors such as those sometimes 
used to operate large fans or compressors in con- 


nection with air-conditioning equipment, when 
started across the line withfull voltage, may draw 
starting currents in excess of that allowed by the 
electric utility company, or they may require con- 
ductors too large to be practicable to install . 

Motor starting currents can be kept within 
practical limits by several methods including re- 
duced voltage and reduced torque provided by auto - 
transformers, resistors, and switching the Wye- 
Delta connection. Starters for reduced motor 
starting current must be selected for the specific 
motor applications. Hence, where motors are 
supplied as a part of a manufacturer's assembly 
of mechanical equipment, it is important that the 
starting current limitations, if any, be made a 
part of the specifications and that the motor start- 
ing equipment be supplied as part of the unit equip- 
ment, or so specified to assure compatibility. It 
is also important that mechanical and electrical 
engineers consult with each other and coordinate 
their plans and that the electrical contractor be 
apprised of these electrical requirements prior to 
start of conduit Installation or purchase of con- 
ductors . 
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Table 2.— GENERAL EFFECT OF VOLTAGE AND FREQUENCY VARIATION 
ON INDUCTION-MOTOR CHARACTERISTICS £/ 

. . — Alternating-current (ind uction) Motors 

Ch«.oter.s..c Voltage ' 

§« 105% 95%- 

Torque: * 

Starting and maxi- 

Spe™ t Doofoaee 10% I„cxs«pe u% 

rSlTr', ; ; : : : ; : I-oKaeo 5% Decrease 5% 

Percent slip Decrease IW Incr-ease 5% Decreases* 

Elllciency: Decrease 17% Increase 23% Little change Little change 

2 Polats Slight increase Slight .tocrease 

1/2 load 1 ' ' Debate i*to 2 '"““““o flight decrease 

Sts Increase 1 to 2 Slight Inci-ense Slight tloctense 

Power factor; points 

3/““ w ; ; ; | j2s I » f IJS 

13 uius> increase 2 to 3 Slight increase Slight decrease 

l/?lnari points 

points pZr Slight increase Slight decrease 

Increase 10 to 12% Decease 10 to Decrease 5 to Inoreaso 5 to 

Decrease 7% Inc^ase 11 % shI, 

Temperature rise Decrease 3 to 40c Iac2se 6 to 7»C ® ^ Slight Increase 

Maximum overload increase 6 to 7 C Slight decrease Slight Increase 

Ma^tlc''no'ls’e s^I^u^^se SlSted^leTse 112 Sllgl* ineroase 

^ aecrease Slight decrease Slight Increase 

* starting and maximum runnina toraue of i-o — — — 

voltage . ® ^ ° induction motors wUl vary as tlie square of the 

The speed of a-c induction motors will vary directly with the frequency. 


Switchboards and Panelboards 

thP should be of 

enclosed in metal cabinets 
doors and latches , and should have the 

material. Tliey should be installed in a oerma- 
nently dry location unless protected by a wLther- 
proof enclosure. Where locked cabinets are pro- 
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vWed all locks should be keyed alike, except the 
cabinets housing the emergency panels . 

irj and panelboards should bepro- 

as required by the NEC Article 384. 2(a) / 

^ Switchboards that have thermal trip overload 
ices should be located in a well -ventilated 
space to prevent trip-out at less than the preS 



current rating, which may result because of ex** 
cessive ambient temperature. 

Distribution panelboards for ordinary lighting 
and receptacle circuits should be located in corri- 
dors or in wire closets ratherthan inliiien or jan- 
itor's closets . They should be located on the same 
floor as the respective lighting outlets and should 
be spaced so that the length of the branch circuits 
will not exceed approximately 100 feet. 

Switches 

Air circuit breakers for power and light feed- 
ers and for the lighting and receptacle branch cir- 
cuits are preferred to fused switches, although the 
initial installation is more expensive . 

Circuits of large capacities are usually inter- 
rupted by either oil - or air -type automatic circuit 
breakers. Although oil breakers are highly de- 
pendable and are required under certain conditions , 
air breakers (where applicable) are preferred to 
oil breakers in hospitals because they conserve 
space and eliminate the need for maintaining oil- 
bearing switching equipment . 

Silent-type wall switches for control of light- 
ing circuits are recommended in all patient areas 
to reduce noise. Wall-mounted switches are pre- 
ferred to pull switches to reduce maintenance, 
Where lights are installed in small closets, door- 
operated switches are recommended. Switches 
installed or operated within a location defined as 
hazardous because of storage or use of flammable 
anesthetic agents should be approved for use in 
Class 1, Group C hazardous atmospheres (explo- 
sionproof), Switches controlling the ungrounded 
circuits in anesthetizing locations such as operat- 
ing and delivery rooms must have a disconnecting 
pole in each conductor . For these locations, two- 
pole switches are requiredfor single -phase light- 
ing and receptacle circuits, 

A low-voltage system of switching lighting cir- 
cuits is applicable in hospitals, particularly in 
large areas such as auditoriums, dining areas, 
laboratories, and for lighting that is on grounded 
circuits in anesthetizing locations . 

Dimmers of various types are available for 
control of light intensity for incandescent and flu- 


ores cent lamps, For dimming incandescent 
lamps, on an alternating current system, three 
general types are applicable : 

1. Adjustable rheostat in series with the 
lamps. This method of dimming offers no sav- 
ing in power when the illumination is decreased, 
because the power saved in the lamp -lighting out- 
put is approximately equal to the power consumed 
as heat in the dimmer , 

2 . Autotransformer for varying the voltage 
in the Lamp supply circuit . This method does per - 
mit a saving in power since there is no appreciable 
loss in the dimmer when the lights are dimmed. 

3. Silicon controller rectifier (SCR) assem- 
bly. These devices are available for dimming 
from 100 percent light output to blackout, sized 
to fit into an ordinary switch box for atypical 500- 
watt capacity. Other assemblies of SCR are ar- 
ranged as a dimming switch with three positions: 

■ 100 percent light, 30 percent light, and ’’off . " 

Both the adjustable rheostat (resistor type) 
and the autotransformer type of dimmers are ap- 
plicable to large and small incandescent lighting 
systems and permit dimming over the entire range 
of lighting intensity. These dimmers described 
for incandescent lamps are not suitable for dim- 
ming fluorescent lamps, 

A number of arrangements are available for 
dimming fluorescent lamps, including the use of 
autotransformers and SCR devices . 

Wire 

All feeder and branch circuit conductors 
should have high-grade insulation to assure opti- 
mum life and dependability of the electrical sys- 
tem, High -temperature wire is required at such 
places as range hoods and boilers , Lead sheath 
or waterproof wire should be used underground 
and where condensation may form, as in outdoor 
conduits, refrigerator boxes, roof slabs, and con- 
nections to outside lights. The NEC code should 
be consulted for special conditions . 

Prices and the short supply of copper have 
resulted in the exploitation of aluminum conduc- 
tors and the development of aluminum wire 
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connectors and tools for installation of aluminum 
conductors and for joining aluminum conductors 
to copper conductors. The size of aluminum con- 
ductors is generally limited to No, 6 and larger 
because of the difficulty in making and maintaining 
terminal connection at devices with smaller size 
conductors . 


Conduit and Fittings 

All hospital wiring should be in conduit to fa- 
cilitate alterations and repairs. Wiring for the 
patient -nurse call system should be in conduit of 
ample size to permit a reasonable amount of change 
in the system with a minimum amount of labor and 
alteration to building structure , 

Where only one set of service conductors is 
brought into the building underground, spare con- 
duit facilities that permit installation of other con- 
ductors should be provided to expedite restoration 
of searvice in case of a failure in the supply lines 
between the bu ilding and the street or point of main 
connection. 

Underground conduit should be nonmetallic and 
encased in concrete. Rigid metal conduit, prop- 
erly sealed, is required for explosionproof wir- 
ing (see NEC Article 517). HS’V Spare conduit or 
sleeves through walls or floors are advisable where 
future service is planned or contemplated. ' 

Metal conduit installed outdoors, above 
ground, and exposed to natural changes in temper- 
ature and atmospheric conditions, usually breathes 
and collects an appreciable amount of water inside 
the conduit . Unless such conduit is positively 
sealed, weep holes of about 1/4 inch diameter 
should be provided in the lowest portion of the con- 
duit for drainage of this condensate . 

Aluminum conduit may be considered for in- 
stallation of No. 2/0 and larger conductors inside 
the building, as a possible saving in cost. 
Aluminum conduit should not be used where it is 
to be embedded or partially embedded, in con- 
crete. li/ 

Boxes for housing switches, receptacles, or 
other devices should not be mounted back-to-back 
in partitions between occupied spaces unless they 
are suitably sound-insulated. 


Receptacles (Convenience Outlets) 

Receptacles should be installed in all places 
where plug-in service is likely to be required. 
They should be mounted at a height convenient for 
use and located, or horizontally spaced, to mini- 
mize the need for alterations or extensions of 
service after the hospital is completed . It is com - 
mon practice to install duplex receptacles through - 
out the hospital except where heavy duty or other 
specific services are required, such as in anes- 
thetizing locations, for portable X-ray, and for 
heavy-duty service equipment. Grounding type 
receptacles are required in all locations (see NEC 
sec. 410-55). lia)/ 

Receptacles in anesthetizing locations should 
be of the type described in NFPA No. 56, secs. 
2438 andA2438. Receptacles in these locations 
for general purpose use should be the lock-in type 
rated at 20 amperes, 125 volts a-c, 2-wire, 3- 
pole . Other receptacles of a different current or 
voltage rating may be installed in anesthetizing 
areas for special equipment such as portable X- 
ray or electronic devices. These should also be 
the type described in sec. 2438 of NFPA No. 56. 
The 200 ma and 300 ma explosionproof mobile 
X-ray units require 60 amperes, 600 volt a-c (250 
d-c), 2-wire, 3-pole receptacles. To gain ad- 
vantage of minimum size, weight, and capacitance 
relating to leakage current, these receptacles for 
mobile X-ray units may be nonexplosionproof if 
located more than 5 feet above the floor. For im- 
proved appearance, they may be flush mounted in 
a metal box with hinged cover . Where the same 
X-ray unit is used both in anesthetizing locations 
and in nursing areas, all receptacles for X-ray 
use should be the same type so that the plug on the 
mobile unit will fit all of these receptacles, even 
though receptacles in one location are explosion- 
proof and in the other location, nonexplosionproof. 
The same provision applies to heated bassinets 
that may be plugged into outlets in delivery rooms 
and in nurseries . 

Patients* bedrooms should have at leasts du- 
plex receptacles for single -bed rooms with two 
outlets near the head of the bed. Multibed rooms 
should have a similar arrangement of receptacles . 
Preferably, there should be two duplex receptacles 
at the head of each bed, in addition to any required 
for motorized beds , Where use of motorized beds 
are planned, one 20-ampere receptacle should be 
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located on the wall back of the bed headboard about 
12 inches above the floor. The 2 additional recep- 
tacles on the head wall at each bed should be lo* 
catedone on each side of the bed for versatile use 
about 3 feet above the floor to minimize stooping. 
The SB receptacles for appliances should be located 
where they are convenient to reach and not near 
the floor, or behind beds or furniture. 

Nurseries for infants should have one duplex 
receptacle for each ordinary bassinet in each cu- 
bicle and at observation or examination stations ♦ 
Where heated bassinets are connected in delivery 
rooms and also in nurseries, receptacles in nurs- 
eries should be of the type installed in delivery 
rooms . 

Corridors should have receptacles rated at 
20 amperes or more, as required for floor clean- 
ing machines and for other general uses . These 
receptacles in corridors of patient areas should 
be spaced about 40 feet apart, or within conven- 
ient reach from each bedroom, and preferably a- 
long each side of the corridor to minimize traffic 
over extension cords when portable equipment is 
plugged in. Other receptacles similarly installed 
but specifically for use of mobile X-ray should be 
located in corridors of nursing areas. 

Intensive care nursing units should have, as 
a minimum, receptacles as follows: two 20-am- 
pere, 125-volt, s 1 ngl e-p has e, duplex recepta- 
cles at the head of each bed and at the nurses' sta- 
tion for routine use; one 30-ampere, 230-volt, 
single -phase, single receptacle in each room 
(multiple or single-bed room) for possible use of 
heavy-duty equipment such as an artificial kidney. 
Outlets or conduit provision for later installation 
of wiring for electronic monitoring equipment 
should be installed for connection between the head 
wall at each bed and a central monitoring station. 
One or more receptacles for use of mobile X-ray 
should be installed and located so that it is within 
easy reach of any patient bed within the intensive | 
care unit* 

Recovery rooms should have the same outlet 
and conduit arrangement as intensive care nursing 
units . 

Clocks 

An electric clock system rather than individ- 
ual clocks should be provided, with clocks in all 


offices, nurses' stations, main lobby, waiting 
rooms, telephone switchboard, kitchen, dining 
room, laundry, boiler room, shops, laboratories, 
central supply areas, emergency rooms, operat- 
ing rooms, and delivery rooms. Clocks withnar- 
row frames and boldface Arabic numerals are 
preferred. Clocks in operating and delivery 
rooms should have sweep second hands . The need 
for elapsed time indicators in all operating and 
delivery rooms is controversial. However, they 
are installed in many hospitals . Where they are 
provided, elapsed time indicators should indicate 
seconds, minutes, and hours. Maximum indica- 
tion of only 60 minutes is usually insufficient be- 
cause many operations greatly exceed 60 minutes . 

Two types of clock systems are available -- 
the wired and the electronic. The wired system 
requires wiring from the individual clocks to the 
master control clock. The electronic system re- 
quires no control wiring connection between the 
individual clocks and the master clock. Elec- 
tronic clocks may be operated from any convenient 
outlet on the electric system, but they are con- 
trolled by means of electrical impulses sent out 
by the master control clock and picked up by a 
radio -type receiver in each clock. 

Consideration of the relative costs of these 
two clock systems, based on new building con- 
struction, indicates that the total installed cost 
of the electronic clock system would usually ex- 
ceed that for the wired clock system. However, 
for installation in an existing building or expan- 
sion of an existing system, the electronic clock 
system would usually cost less than the wired 
system. 

Anesthetizing' Locations 

Anesthetizing locations are rooms in which 
any of the anesthetic agents are administered to 
a patient in the course of examination or treat- 
ment . An anesthetizing location may or may not 
be classified as a hazardous location, depending 
on whether or not flammable anesthetic agents are 
used in the area. 


Hazardous Locations 

A hazardous location in a hospital is defined 
as a space where there is a potential danger of 
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explosion because of the presence of volatile flam - 
mable anesthetic or d is infecting a gents. Anesthetic 
storage rooms are considered hazardous thx'ough- 
out . 

The hazardous location of an anesthetizing 
room is considered to include the entire floor area 
of the room, to a height of 5 feet above the floor. 
All hazardous locations require special precautions 
for their construction, equipment, and operation to 
prevent ignition of those agents which cause fires 
and explosion. All equipment used in these areas 
should be approved for use in Class 1, Group C 
hazardous atmospheres . For specific require - 
merits, see NFPA No, 56. 3(b)/ 

All hazardous locations within surgical and ob- 
stetrical suites require conductive floors. The 
electrical resistance of these floors should be only 
moderately conductive to serve two electrical func- 
tions: (1) to provide a conductive path for neutral- 
izing static charges to prevent electrostatic sparks 
and possible ignition; (2) to act as a resistor to 
limit current through it from the electrical system 
in case of a short or insulation fault, so as to min- 
imize el ectric shock or ignition from arcs or sparks 
from the fault , W 

Operating and delivery rooms require un- 
grounded electrical distribution systems for all 
wiring as an additional safeguard against the haz- 
ards of electric shock and the ignition of flammable 
anesthetic agents by sparks from the electric sys“ 
tern, except that ordinary grounded systems may 
be connected to; (1) fixed nonadjustable lighting 
fixtures located more than 8 feet above the floor, 
and (2) permanently installed X -ray tube head and 
cables that are approved for use in Class 1, Group 
NFPA No. 56. sec. 2444 and 

2446.) t}P)J 

As a safety precaution against electric shock, 
the leakage current from an ungrounded system is 
specified not to exceed 2 mllliamperes. 2(b)/ 'Yo 
avoid disapproval by the inspection authority after 
the system has been installed, the system design 
should be carefully evaluated and designed to meet 
c^e requirements before construction is started . 
The current leakage for the system may be esti- 
mated separately for the following; 

1 . Total conductors of ungrounded system. 


2. Equipment, maximum connected at one 
time. 

3. The Isolation transformer . 

4. The ground detector unit. 

Leakage for the system is the sum of 1 to 4, 
inclusive. The approximate leakage current val- 
ues for 2. 3, and 4 can usually be obtained from 
the manufacturers. Leakage current for 1 (con- 
ductors) must be calculated for each specific job 
to account for the various lengths of conductors 
shown on the plans. F or mula s for calculating 
conductor leakages are available in electrical en- 
gineer handbooks. (Also, see refs, 14, 16, and 
17.) 

A ground detector system is required to warn 
of accidental or faulty ground on tlie ungrounded 
system. The detector system and its operation 
are described In NFPA No. 56, ^ (1^)/ and in other 
publications. l.§^19/ it Is recommended that the 
ground detector be the dynamic type, capable of 
continuous monitoring of the electric system to 
detect all combinations of capacitive and/or reac- 
tive faults. 

The requirement for wiring and equipment in- 
stalled above the hazardous location (more than 
5 feet above the floor*) is the same as that for ordi- 
nary locations except that equipment should be en- 
closed or guarded to prevent sparks or hot parti- 
cles from falling into the hazardous location. 

Furniture and mobile equip ni e nt should be 
conductive and in electrical contact with the con- 
ductive floor. 

High humidity reacts with ordinary materials 
in such a way that it lowers theli* electrical re- 
sistance or reacts with surface substances or im- 
purities to form a conductor. Hence, controlled 
humidity of at least 50 percent is considered an 
Important factor in the control of static electricity . 


^ Lighting in all areas of the hospital should be 
designed for comfortable seeing and to comply with 
currentrecommendations. ^7 High brightnesses 
of light sources and reflecting surfaces that 


Lighting 
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produce discomfort glare should be avoided. 
Luminaires should be durable, standard type , neat, 
appropriate for the space, and easily cleaned and 
relamped . 

Work spaces should be relatively free from 
shadows and have sufficient illumination on work 
areas to eliminate the need for portable units with 
extension cords on floors or on work areas . 

The lighting of offices, corridors, assembly 
halls, shops, boiler and machine rooms, kitchens, 
and storage spaces can be treated as in other types 
of buildings. The IE S Report CP-29 and Hand- 
book 22/ contain information on hospital lighting. 
(See also tables 3 and 4 in this report.) 

For patient rooms, lighting should be provided 
for three distinct services: general illumination 
for the room, a readinglight for each patient, and 
a nightlight for the room . A fourth service, a 
doctor's examining light, may be a separate unit 
installed for examination purposes only, or a fea- 
ture incorporated into the patient’s reading light, 
or it may be supplied by a portable lamp with an 
extension cord . This examining light should pro- 
duce approximately 100 fc (footcandles) over a 
limited area, but preferably over the entire bed 
area, A fixed, celling -mounted examining light 
arranged to illuminate the entire bed areals pref- 
erable to a portable or hand-held spotlight. Be- 
cause the ceiling-mounted examining lights des- 
cribed may be uncomfortably glarlngfor the patient 
being examined as well as the other patients in the 
room, these lights should not be used longer than 
required for the examination. 

The source of the nightlight for the room should 
be located so that it is out of direct sight of pa- 
tients' In-bed normal position, and should be con- 
trolled by a switch at the entrance door. The rec- 
ommended installation arrangement for this light 
is flush-mounted on the wall near the entrance 
doorway centered about 14 Inches above the floor . 
Other nightlights are frequently included as an ex- 
tra feature of the patient's reading lightfor use at 
the Individual beds. These nightlights, switched 
at the bedside , permit the patient or the nurse to 
control these lights as needed. 

Surgical recovery rooms and intensive care 
rooms should have about 30 fc of general illumi- 
nation and a convenient means of providing about 
100 fc of local lighting. Fixed units for supplying 
the local lighting are preferable to portable units. 


A frequent complaint from patients concern- 
ing the reading light is the radiated heat from the 
nearby unit. A unit with an output Intensity suf- 
ficient to permit adequate lighting when the unit is 
locateda greater distance from the patient will re- 
duce the objectionable radiant heat at the patient's 
head . Where two or more beds are located in one 
room , the reading lights should be of a type that 
can be Installed or adjusted so as not to shine in 
the other patients 'eyes. Each reading light should 
have a switch control accessible to the patient. 

Operating and d e I i v e r y rooms should have 
general illumination of at least 1 00 fc for the room 
area and special, separately controlled lights for 
the tables . 

The major operatingroom light should provide 
a multicrossbeam originating from widely sepa - 
rated sources or areas, focused at the surgical 
field to minimize shadows and to illuminate deep 
cavities. This light should be capable of provid- 
ing a lighting level of not less than 2, 500 fc in the 
center of a 10-inch diameter circular area on the 
operatingtable. and not less than 5 00 fc at the edge 
of that circle, when the cover glass of the lumi- 
naire is not less than 42 inches above the surface 
of the table. More than one unit may be used when 
higher lighting levels are required. A variable 
control dimmer or other means of controlling the 
lighting level at the table is recommended. 

Delivery rooms require about the same gen- 
eral illumination as operating rooms . If the room 
is used for all deliveries, including cesarean sec- 
tion, lighting at the table should be equal to that 
recommended for operating rooms. If it is con- 
templated tliat the room will be used only for 
• normal deliveries and for those cases which re - 
quire only minor surgery, the light at the table 
may range from 1 , 000 to 2, 000 fc. 

Minor surgery, emergency rooms, cyato- 
scopic rooms, and autopsy rooms should have a- 
bout 100 fcfor general illumination. These rooms 
should have supplemental lighting, either by 
ceiling-mounted adjustable luminaires or portable 
units that provide spot intensities up to 2,500 fc 
over a circular area of at least 8 inches in diam- 
eter . 

Fracture rooms need about 50 fc for general 
Illumination with about 200 fc supplemental light- 
ing for the table . 



An X-ray film illuminator is required in each 
operating room. It is also desirable that one be 
installed in the doctors ' locker room of the obstet- 
rical suite. 


Where critical observation of skin, tissue, or 
specimen involves color definition as in surgery 
laboratories, and autopsy rooms, the light should 
provide a color, rendering effect that permits opti- 
mum judgment in evaluating the true conditions. 
A color rendering index of at least 85 is recom- 
mended, (See fig. 5-17 of ref. 22.) 

Some fluorescent lamps produce lighting that 
accentuates certain colors and are deficient in 
others, to the extent that the color of skin, biolog- 
ical samples, and some food products appear un- 
atural. Such lamps should not be installed in pa- 

o/Sr^ Daylight color quality 

f lighting IS preferable for critical judgment in 
color matching or color definition. Because there 
IS some variation in tiie color quality of daylight 
produced by direct sunlight, north sky, and over- 

definition of daylight color 
s needed as a standard for comparison. In this 
stance, It IS recommended that standard source 
C, adopted by USASI, be the reference lighting 
and ^ combination of direct sunlighf 

tni correlated color tempera- 

ture of approximately 6, 770OK. A practical and 

HvhH u P"'°^‘ded by a 

an^H ^ combining specially made fluorescent 

pvl diffuser. How- 

taat laboratory, noncritical seeing 

tasks, cool white (improved color) fluorescent 
amps provide fairly satisfactory color rendition. 


spectral range of the colors produced by jaundice 
and cyanosis: For visual detection of jaundice, an 
equal number of natural or warm white and cool 
white (improved color) fluorescent lamps; for de- 
tection of cyanosis, daylight fluorescent lamps. 
Where the same lighting is to be used for visual 
detection of both jaundice and cyanosis, an equal 
number of daylight and natural or soft white fluo- 
rescent lamps produces fairly satisfactory light- 
ing. Another approach to satisfactory lighting of 
infant nurseries is to provide a light source witli 
temperature of at least 4, 000°K 
(6, 770OK preferred) and a color rendering index 
of at least 83 percent. 

For general lighting in the operating and de- 
livery rooms, the direct and indirect costs of 
raauitainmg and operating a fluorescent lighting 
system afford significant advantages over a sys- 
tem using incandescent filament lamps . The lu- 
fluorescent lamps is about 
^ W2 to 3 1/2 times that of incandescent lamps, 
varying according to the lamp wattage rating and 
light color type of the fluorescent lamps . Relat- 
ing this to the heat produced by the two types of 
igiting, as It affects air conditioning, an incan- 
system will produce about 2 1/2 
to 3 1/2 times the amount of heat produced by a 
fluorescent lighting system of equal footcandles. 

Illuminated signs may be required in areas 
where there IS much visitor traffic, such as at the 
information desk, cashier’s office, and outpatient 
departrnent. Where such lighting is likely to be 
provided by portable units, outlets or plug-in re- 
ceptacles should be located for convenient use. 


The preferred lighting in dental laboratories 
daylight, or the 6,770OK 

Standard described . 

The lighting in nurseries for care of newborn 
infants should be of a color quality optimum Sr 

Smce daylight accentuates all colors, it permits 

Indicate 

Se of babies, 

soircf?"'^ °fdaylightor availability of standard 
s urce C, combinations of available light sources 
such as the following may be used to obtain a rea- 
na e approach to the energy distribution in the 


Tables 3 and 4 give lighting levels recom- 
mended for hospitals, based on reports of the Il- 
luminating Engineering Society. Table 3 lists the 
recomniended lighting levels for normal service. 

reduced lighting levels, the least 
that should be maintained while the normal source 
of power IS interrupted and lighting is being sup- 
plied by an emergency electrical source. 

Table 5 gives lighting levels recommended 
for nursing homes . Older patients in nursing 
homes need better lighting than do the normally 
younger patients in general hospitals . 
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Table 3.— LIGHTING LEVELS 

recommended for HOSPITALS 


Area 

Anesthetizing and preparation room 
Auditorium 

Assembly . * . . 

Exhibition 

F ootcandles ' 

. . . . 30 

. . . . 15 

• . . . 30 

Dietary facilities (con.) 

Cleanup 

Dishwashing ... - 

Footcandles* 

**44 70 

Social activities .... 

Autopsy and morgue 

Autopsy room . . 

• ♦ 4 ■ S 

Canwashing . . . 

Cartwasliing . , 

4 4 . 4 50 

44.4 30 

444. 30 

Autopsy table . . 

* • • * iOU 
. . 1 nnn 

Storage 

Refrigerated, dry and day . . 
Central, food . . . 


Museum 

MoTCnita rrck-Mia-nnl 

.44. 50 

. . . . 50 
. . . . mi 

^enerai . . . . ^ , 

Central supply 

General, workroom ... * * 

' ^ . 20 

... 50 

Trash , 

Office, dietitian 

• 4 « • JU 

* 4 • 4 30 

.444 100 

Needle sharpening 

Syringe room area 

Worktable . . 

... 150 

... 150 

juiiALux o cj-user 

EKG, BMR, and specimen room 
General 

. . . . 30 

... 30 

Inspection for tears and defects 
Glove room 

• ■ • 70 

. 4 - 100 

cm 

Specimen table (supplementary) , 
EKG machine . ^ , 

Electromyographic suite 

Genprfll 

... 50 

... 50 

Storage area 

• • • OU 

.44 30 


Issuing sterile supplies 

Corridor 

General-nursing areas (daytime) 

... 70 

Preparation for examination « . , 

4 4 • 30 

• 4 . 50 

... 20 

Examination (reduce to local) . . 
Elevators , , , 

• 4 » 1 

General-nursing areas (nighttime) . 
Operating and delivery suites . , . 
Laboratories 

... 3 

. ♦ 4 30 

Emergency operating room 

General , 

4 4 1 ZV 

4 4 4 100 

Cystoscopic room 

General , 

. 4 4 20 

1 nn 

Local , 

Encephalographic suite 

Office (see offices) 

Workroom. 

4 4 4 2000 

Cystoscopic table 

4 • • i uu 

4 4 4 2500 


Dental suite 

Waiting room 

General . 


> £3VHCl.CtJL • 

Workroom, desk or table 

4 4 4 30 

. 4 . 100 

on 

Patient pr'eparation x'oorti, general 

4 4 . 30 

Reading , 

4.4 ZU 

'in 

Patient preparation room , local . 
Patient examining room, general , 

• 4 • 50 

Operatory, general 

• . • oU 

. . 4 100 

4.4 70 

Instrument cabinet 


uLuj. , Acjcurus, cnarts . t « • 
Examination and treatment room 
General ,, , 

• 4 • 30 

Dental chair, at patient's mouth . . 

. 4 4 1000 


Prosthetic laboratory, bench , . . , 

. 4 4 300 

Examining table .... 

4 4 4 /U 

Recovery room, for patient's rest . 
Recovery room, for observation . . . 
Dietary facilities 

Food production, general .... 

Preparation and cooking .... 
Patient tray, assembly 

4.4 5 

Exits, at floor 

4 14 .^UU 

4 . . 1 

4.4 70 

4 . 50 

Exit signs, on face of sign ... , 
Eye, ear, nose, and throat suite 
Darkroom, variable 

4*4 5 

* 4 4 0-10 

70 

4 4 50 

Eye examination and treatment 
room . . . . f , , , 

C A 

Cafeteria 


Ear, nose, and throat room ... 

.44 Oi/ 

4.4 50 

Counter display , 

4 4 70 

Flower room . 

1 n 

Serving 

7n 


4 4* 1 U 

Cashier 

4 4 f\J 

SO 

Formula room 

Bottle washing * 

4 . • 30 

Dining * * ^ 

. . 30 

Preparation and filling 

4 . . 50 
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Table 3.— LIGHTING LEVELS RECOMMENDED FOR HOSPITALS (GonO 


Area 

Foot candle s'" 

Formula room (con*) 

Liquid inspection 

Fracture room 


General ... * 


Fracture table 

200 

Splint closet 


Plaster sink 

qn 

Intensive care nursing areas 


General 


Local 

100 

Laboratories 


Assay rooms, general 

1 • • i • * 50 

Worldiahles 

70 

Close work and microslides . * 
Laundries 

300 

Sorting and washing areas * , , 

RD 

Flatwork ironing . * 

«•*«!• SO 

Machine pressing *...**, 

• * • ♦ • 70 

Fine hand ironing , , 

. . . ^ . 100 

Sewing room 

100 

Libraries 


Reading room 


Study and notes 

* * . - ^ 70 

Ordinary reading * 

Stacks 

... Qn 

Cataloging 50 

Card files nn 

Check- in-and-out desk 

70 

Linens 


Sorting soiled linens 


Central clean linen room . . , , 

* • ♦ * • 30 

Loading carts (or issuing) . . . 
Linen closet 

50 

. . . in 

Locker rooms on 

Lobby 


Day 

cn 

Night on 

Lounge rooms 

* ■ • • • 

General * , , . 

. . . to 

Reading on 

Maintenance shop 


General 

on 

~ ^ ^ ^ m m m m m % 

Bench work (roueh) uo 

Bench work Wdium) . ... . 



Bench work (fine) 500 

Painting 50 


Area Footcaiidles* 


Maintenance shop (con*) 

Paint storage * . . iO 

Testing, general * * 50 

Testing, extra fine instruments . * . , , 200 
Materials handling 

Load and unload platforms 20 

Picking stock, classifying 30 

Wrap, pack, and label 50 

Medical records room ^ * lOO 

Nurses^ station 

General (day) 70 

General (night) 30 

Table, doctors make and review 

reports 70 

Desk and charts * . . * , , 70 

Medication room counter 100 

Nurses^ gown room 

General • • . , 30 

At mirror 50 

Nurses* workroom * . ♦ . 50 

Nurseries, infant 

General 30 

Treatment room 100 

Examination table * , 200 

Local, at infant bassinet 100 

Obstetrical 

Cleanup room 30 

Scrubup area 30 

Labor room, general i . , 20 

Labor room, local 100 

Delivery room, general 100 

Delivery table 2500 

SubsterRiKing room 30 

Recovery room, general 30 

Recovery room, local . * , 100 

Offices 

Bookkeeping and fine work 150 

Reading and transcribing good 

quality paper 70 

Intermittent reading, conference, etc , , 30 

Information and telephone 

switchboard ^ 30 

Parking lot , * , , * 1 

Patient room (private and wards) 

General ♦ • , . 10 

heading ’ [ 30 
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Table 3. -LIGHTING LEVELS RECOMMENDED FOR HOSPITALS (Con.) 


Area Foot candle 


Patient room (private and wards) (con.) 

Observation by nurse 2 

Psychiatric, disturbed patients 10 

Nightlight at floor (variable) , , , . 0,5 to 1,5 

Examining light 100 

Mirror at lavatory 50 

Toilet 30 

Pediatric nursing unit 

Gribroom, general 20 

Bedroom, general 10 

Reading 30 

Dayroom or playroom 30 

Treatment room, general 50 

Treatment room, local 100 

Pharmacy 

General 30 

Worktable, compound and dispense , . ♦ 100 

Parenteral solution room 50 

Active storage . . • • 30 

Alcohol vault 10 

Power, central station 

Boiler room, general 10 

Burner platform • • . . 20 

Water treating area 20 

Generator and switchboard room .... 20 

Rear of freestanding switchboard .... 10 

Emergency generator room 20 

Private rooms, interns 

General 10 

Reading 70 

Radioisotope facilities 

Radiochemical laboratory ........ 50 

Uptake measuring room 30 

Examination table . 200 

Retiring room 

General 10 

Reading, local 30 

Solar iums 

General 20 

Reading 30 

Stairways 20 

Storage, Inactive 5 

Rough, bulky 10 

Medium 20 

Fine 50 

Surgical suite 

Scrub-up area 30 


* Minimum on task at any time . 


Area Foot candles * 

Surgical suite (con.) 

Anesthesia induction room 30 

Operating room , general 100 

Operating table 2500 

. Monitoring equipment room 50 

Substeriliziiig room 30 

Storage, anesthetic agents 20 

Storage, sterile supplies 30 

Storage, nonsterUe 30 

Instrument cleanup and workroom ... 100 

NursesUounge, locker, and toilet ... 30 

Doctors^ lounge, locker, and toilet , . 30 

Postanesthesia room 

General 30 

Local 100 

Utility «... 70 

Offices, supervisor, and anesthetists. . 70 

Telephone equipment room, general. . , 20 

Switchboard 50 

Therapy, physical 

General 20 

Exercise room • 30 

Occupational therapy, general 100 

Treatment cubicles, local 30 

Whirlpool ................ 20 

Lip reading 150 

Worktables or benches, ordinary . . . 100 

Worktables, fine work 150 

Toilets and washrooms • 30 

Waiting room 

General 20 

Reading . 30 

Workrooms, clean and soiled 

General . 70 

Work counter «... 100 

X-ray room and facilities 

Reception and waiting 20 

Radiographic, general 10 

Fluoroscopic, general (variable) . , 0 to 10 

Deep and superficial therapy ..... 10 

Control room 10 

Darkroom 10 

Lightroom, film viewing 30 

Storage, undeveloped films ...... 30 

Storage, developed films 30 

Dressing room 10 

Radiologist's office 70 
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Table 4.— EMERGENCY LIGHTING LEVELS RECOMMENDED FOR HOSPITALS 


Ai-ea 


FootcancUes^^ 


Exit ways 

Coi'ridors leading to exits, at floor 

- . • . 1 

Stairways leading to exits, at floor 

. . . . 3 

Exit direction signs on face of luminaire 

(see reference 2(d) and local codes) 

Exit doorway, at floor 

• . ► ► 5 

Operating room, surgical table 

. * * * 2500 

Operating room , emergency table 

. . . . 2000 

Delivery room, obstetrical table ..... 

o=;nn 

Recovery rooms fox OR & OB . . . i n 

Nurseries, infant, 30 inches above floor . . ♦ 

* * • < xw 

. . . . 10 

Nurseries, premature, 30 Inches above floor . . . , 

Nurseries, pediatric, 30 inches above floor 

Medication preparation area, local . . . 

. . . . 10 

... 2 

- . Qn 

Nurses' station r 

Pharmacies 

Blood bank area . . r- 

Central suction pump area ... * * ^ 

Telephone switchboard, face of board .... an 

Central stei'ile supply, issuing area 

. * . ^ 


Psychiatric patient bed area 

Main electrical control center * 

Boiler room, general 

Laboratories , 

Dietary, production areas .WW* • 

■Minimum on task while normal electrical service is interrupted: 


X-Ray 

The voltage supplied to the X- ray unit sho 
be nearly constantso that images and picturesv 
be uniform and consistently reproducible . An 
dependent feeder with capacity sufficient to p] 
vent a volta^ drop greater than 3 percent is re 
ommended. _4/ Although 3 percent regulati 
conforms with recommendations of the Natioi 
Electrical Manufacturers Association, some ma 

ufacturers recommend a line voltage regulation 
not more than 2 percent while others aresatisfi 
With a line voltage regulation as great as Sperce. 
A separate transformer for the X-ray feeder 
desirable in all cases, and it is a requirement 
most cases ^e voltage and number of phases 
the X-ray feeder must meet the requirement f( 

supplied. The X-r< 
feeder is usually single-phase 120 volt or 240 vol 


but it may be 3 -phase and In some cases 480 volt. 
Radiation protection should be provided as rec- 
ommended in applicable handbooks , ^(c). fe). (k)/ 


Radioisotopes 


1Q7 coDair-ou and cesium - 

n produce gamma radiations of 1.33 and 

0.661 million electron volts and have half-lives 
^ 33 years, respectively, is usedin place 

Of X-ray therapy for many conditions. The radl- 
a ions produced by cobalt-60 and cesium-137 are 
equivalent in effectiveness to approximately 2- 
mllllon-volt and 1 -million- volt X-ray, respec- 
tively, and require considerable radiation pro- 

« a" W «■>• «• «)• 
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Table 5.— LIGHTING LEVELS RECOMMENDED FOR NURSING HOMES 


Foot candles* 


Corridors and interior ramps , , 20 

Stairways other than exits 30 

Exit stairways and landings 5 on floor 

Doorways . . 10 

Administrative and lobby areas, day 50 

Administrative and lobby areas , night 20 

Chapel or quiet area 30 

Physical therapy , 20 

Occupational therapy 30 

Worktable, course work * 100 

Worktable, fine work 200 

Recreation area 50 

Dining area 30 

Patient care unit (or room), general . * 10 

Patient care room, reading 30 

Nurses* station, general, day , , 50 

Nurses* station, general, night , 20 

Nurses' desk, for charts and records 70 

Nurses* medicine cabinet 100 

Utility room, general . , . . 20 

Utility room, work counter 50 

Pharmacy area, general 30 

Pharmacy, compounding and dispensing area 100 

Janitor *s closet 15 

Toilet and bathing facilities 30 

Barber and beautician areas 50 


* Minimum on task at any time . 

The electric power capacity required for 
normal operation of these teletherapy units is rel- 
atively small. It is used to operate the lightbeam 
localizer and distance finder for positioning the 
patient, to open and close the source housingshut- 
ter, to operate the collimator, for vertical and 
rotational movement of the treatment head assem- 
bly, for the timing control, and for door interlocks. 

Radioisotopes of short half-life, administered 
to patients orally or by Injection, are usually 
shipped and stored in adequately shielded contain- 
ers. So long as these radioisotopes remain inside 
these shielded containers which provide the rec- 
ommended radiation protection, andsolong as they 
are stored in small quantities, structural shield- 
ing for the building may not be necessary. When 
the radioactive material is removed from its ship- 


ping container, the recommended protection may 
be provided by lead bricks stacked or arranged to 
provide the necessary shielding. 

Specific rules on radiation protection apply- 
ing to both patient and hospital staff, after radio- 
active material has been administered, are given 
in Handbook of Rules for Administration of Radio- 
active Materials to Patients^ 


Some of the radioisotopes may not be acquired, 
transferred, or used except as authorized by the 
Atomic Energy Commission or State regulatory 
agency. Shielding methods for protection against 
gamma radiation are the same as those for X-ray. 
(See applicable handbooks listed in ref. I.) 
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Radiation Protection 


Radiation protection guides have been estab- 
lished on the premise that everybody receives 
smail amounts of radiation from natural sources, 
including cosmic radiation; that although tlie ef- 
fects of small additional amounts of radiation ai^e 
not presently determinable and may not be readily 
detectable, the effects, genetic or other, of any 
amount of radiation are believed to be greater 
than zero, and that radiation exposure from 
whatever source should be kept as low as prac- 
ticable . 1 (f)j 26, 27/ medical X-ray and gamma- 

ray exposure should be held to the minimum com- 
patible with practical clinical requirements. 

For diagnostic procedures, as well as for 
therapy, consideration should be given to utilizing 
all available means of minimi zing radiation ex- 
posure to patients. Probably the most important 
means of limiting radiation exposure would be the 
use of variable aperture collimators to limit the 
primary radiation to only the small area of the 
body that is of clinical interest, Any other prac- 
ticable means of reducing radiation exposure, such 
as using image intensifiers to compensate for a 
corresponding reduction in radiation, should be 
considered significant, 

Where either teletherapy units containing a 
gamma -ray source, suchas cobalt -60 and cesium- 
137j or X-ray units are to be installed, protective 
shielding must be incorporated into the building 
structure. This shielding should be carefully 
checked by a qualified expert at the design stage 
and after the units have been completely installed* 
In every case, evaluation should be made for pri- 
mary barriers beUveen the X-ray tube or gamma 
source and the occupied areas in all directions to 
whichthe useful beam may bedirectedand also for 
secondary barriers for any remaining occupied 
areas . 

In detei-minlngsecondarybarriers, consider- 
ation must be given to direct or leakage radiation 
that passes through the protective housing around 
the X-ray tube or the gamma -ray emitter andalso 
to secondary or scattered radiation that is emitted 
from objects being irradiated from either the use- 
ful beam, leakage radiation, or other scattered 
radiation. 


Precipitation 

Particle precipitation equipment is used to 
remove dust, smoke, or other particulate matter 
from the atmosphere in ventilating systems and to 
abate smoke from tiie boiler plant. The principle 
involved in this precipitation process is ionization 
in the air stream by high voltage -rectified current 
collection of the dust particles on oppositely 
charged surfaces, and then renioval of the parti- 
cles by a method that will prevent re entrainment 
of the collected dust particles , 

Dust and smoke collecting precipitators for 
cleaning boiler stack discharge usually employ 
high voltage, 30 to 100 kv, at negative polarity 
corona for ionization. In air cleaning for venti- 
lating systems, a lower voltage of about 13, 000 
volts is generally used to produce positive corona 
because of its possibly lower ozone generation. 
The electrically charged particles are then pre- 
cipitated at about 6,000 volts direct current . Re- 
entrainment of dust particles may be caused by 
clislodgement during maintenance procedures or 
excessive buildup due to lack of maintenance pro- 
cedures or by interruption of electric service, 
Therefore, high grade filters are usually pre- 
ferred to precipitators for ventilating systems in 
critical areas, such as in operating and delivery 
rooms . 


Elevators 

Since elevators affect safety and the function- 
al efficiency of the hospital, they should be manu- 
factured, Inspected, and maintabiecl in strict ac- 
cordance with the code . 3(a), (b)/ 

Elevators are recognized as a specialty prod- 
uct. Their proper and efficient function requires 
routine maintenance and inspections by skilled 
elevator mechanics with special training and ex- 
perience in this field. This is normally beyond 
the capabilities of personnel performing routine 
hospital TTiaintenarice and services. This elevator 
inspection and maintenance service is usually con- 
tracted for from the elevator manufacturer or his 
authorized agent. Therefore, it is important that 
elevators be purchased from a manufacturer who 
can show that they maintain adequate service 



facilities including the spare parts necessary to 
ensure efficient maintenance performance and 
prompt 24-hour emergency call-back service rea- 
sonably close to the hospital , 

There are two general types of elevator traf- 
fic which must be served in a hospital ; (1) passen- 
ger traffic including doctors, nurses, technicians, 
general workers, and visitors; and (2) vehicular 
traffic including stretchers, beds, wheelchairs, 
portable machines, food carts, and accompanying 
personnel . Both types of traffic are important to 
the proper functioning of a hospital and both must 
be provided with adequate elevator service ♦ 

Inmost hospitals in past years, elevators have 
been installed having a car size to accommodate 
stretcher beds, and the elevators were used to 
carry both passengers, beds, and wheel equipment. 
Separate elevators for passengers and for hospital 
service are desirable. However, this separation 
may not be practical for small hospitals. For the 
larger hospitals, it has become the recommended 
practice to provide both passenger and service 
elevators and separate lobbies for each. Where 
the hospital design and size perm it, this separation 
is considered a desirable arrangement for provid- 
ing efficient elevator service for both passenger 
and wheeled traffic. This permits the use of wider 
cars with center opening type doors for the pas- 
senger traffic, expediting loading and unloading. 

Elevators used for transporting patients on 
stretchers or beds, or for other wheeled equip- 
ment, should be of a size to conveniently accom- 
modate the largest of such equipment contemplated , 
Although Public Health Service General Standards 
of Construction 1/ permit use of 3,500-pound ele- 
vators with car inside dimension of S‘0" by T6'\ 
larger elevators are generally recommended for 
new hospitals . All elevators should be equipped 


with automatic leveling devices . Tables 6 and 7 
show the relative sizes of elevators, beds, and 
stretchers . 

It is desirable that the electric service and. 
switching facilities for elevators he arranged to 
permit operation of any elevator from the emer- 
gency or alternate source of electric service in 
case of interruption of the normal electrical serv- 
ice. To minimize the power demand by the ele- 
vators during an emergency, not more than one 
elevator should be connected to the emergency 
electric source at one time . Such an arrangement 
will permit emergency operation of any elevator 
that may have stopped automatically between land- 
ings when the normal electric service is inter- 
rupted , 

Dumbwaiters 

Dumbwaiters are available in the various 
sizes and capacities required for transporting ma- 
terials and equipment . A popular s ize dumbwaiter 
frequently selected for hospitals has 100 -pound 
capacity with car platform 24 by 24 inches and car 
height of 30 to 36 inches . However, dumbwaiter 
capacities and car sizes may be varied to meet 
specific needs within limits not to exceed 500 
pounds capacity, 9 square feet of floor space, and 
4 feet in height inside dimensions. Small cars of 
special size have been used, such as 3 by 5 inches 
for transporting patient records of X-ray plates 
and 12 by 12 inches for small trays, medicines, 
or surgical instruments , The large dumbwaiters 
are used to transport such bulky equipment as 
food trucks and laundry trucks . 

Equipment for automatic loading and unload- 
ing of dumbwaiters Is particularly useful for ex- 
pediting handling of food carts and supply con- 
tainers , 


COMMUNICATION SYSTEMS 


General 

Duringthe past 20 years, methods of commu- 
nication in hospitals have changed considerably. 
Loud speakers, chimes, and coded bell tapes 
throughout the hospital, particularly in the nurs- 


ing areas, for transmitting messages and locat- 
ing people, are rapidly being replaced by radio. 
The numerous systems of intercommunicating 
(squawk -box) systems supplied a few years ago 
for transmitting Interdepartmental messages 
have been minimized, and in some instances, 
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Capacity Use 
, Practice 

jgryice Elevatfirg 


3500 

4000 

4500 

5000 


( 1 ) 

( 2 ) 

( 2 ) 

(3) 


Pggsgnger Elevatnrc 


2500 

3000 

3500 


(4) 

(5) 

( 6 ) 


Table 6.— ELEVATORS FOR HOSPITAL USE 

CAR PLATFORM DIMENSIONS 


Door on Two Rnria 


_ Type 

VVIULII 

Opening 

uutside 

WXFB 

Inside 

WXFB 

Outside 

WXFB 

Inside 

WXFB 

2 sp. 

2 sp. 

2 sp, 
c/o 

3'8" 

4’0" 

4'0" 

4'0” 

5'4"x8’4" 

5’8‘’x8'8” 

5’10"x9’0" 

6’8’’x8'8'' 

5’0"x7’6'' 

5'4"x7'10" 

S'6"x8'2" 

6'4"x7'10'’ 

5'4"x8’9 1/2" 
5’8"x9'l 1/2" 
5'10"x9’6" 
6'8"x9'l 1/2" 

5'0"x7'6" 

5'4"x7’10" 

5’6"x8’2" 

6’4"x7'10'' 

c/o 

c/o 

c/o 

3'6'’ 

3’6" 

3'6" 

7’0"x5'6" 

7'0"x5'6'' 

7’0"x6'2” 

6'8’’x4'3'’ 

6’8''x4’9'’ 

6'8’'x5'5" 

7'0"x5'5" 

7’0"x5’H" 

7’0"x6'7" 

6’8”x4’3" 

6'8"x4'9" 

6’8"x5’5" 


way will „ .ccommodaiJa “ "commanded only where ousting holet- 

C) Omirem e.,„o.n, ,,,, recommended for hoepltel hede, wheeled edulpmenf. and paeeengera. 
he coS«; 

(4) Passenger elevator for light traffic. 

( ) Passenger elevator for moderate traffic. 

(6) Passenger eleva t-nr u 

litter. 30 by 72 Inches (wm L^^'hfidiet'bt'dr? will accommodate a stretcher, or 

^ provided for transporting beds. iiimen ed for hospitals where other elevators 

revision. outlined in the Elevator Engineering Standards. July I960 

than shown abovr.^*^°^ supplied by some manufacturers may be about 1/4 to 1 inch more 
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Table 7 .-BED AND STRETCHER SIZES REPORTED BY VARIOUS MANUFACTURERS 


BEDS 

STRETCHERS 

35” X 86" 

22" X 72" 

35 1/2*' X 90” (orthopedic) without fracture frame 

26" X 72" 

35 1/2” X 93" (orthopedic) with fracture frame 

26 3/4" X 74" 

36” X 78" (old style) 

27" X 74" 

36” X 81" 

30" X 72" 

36” X 83 1/4” 


36” X 86” 


36 1/4" X 87 1/4" 


37” X 83” 


37” X 86” 


(High-Lo Bed: 32"high, 26” low) 



completely replaced, by telephones withdial inter- 
communicating connect ions . Voice intercommuni- 
cation and associated signaling, incorporating re- 
call and memory features, are applicable as parts 
of an integrated system of hospital communication. 
Nurses^ call of buzzer -dome light signal type has 
been almost completely replaced by the audiovisual 
type , The use of closed -circuit television lias been 
adapted to monitoring critically ill patients , Tele- 
vision along with voice communication is a con- 
venient means for relatives or others to converse 
with patients who are in isolation. Television is 
also used for remote live viewing of surgical pro- 
cedures and for diagnosis of X-ray or patients* 
condition by a specialist at remote locations » Some 
of the complicated surgical operations such as 
open heart and organ transplants would be almost 
Impossible to perform successfully without the 
electronic means of communicating patients ' con- 
dition to the surgical team , Pneumatic tube car- 
rier systems provide a means of fast transpor- 
tation of papers and other small lightweight arti- 
cles, An integrated system, including as many as 
practicable of these communication services pro- 
vided by one supplier, has certain installation, and 
maintenance advantages over Isolated systems by 
different suppliers. 

Telephones 

Interconnecting telephones should be provided 
for all department heads, assistants, operating 
and del ivery suites, nurses* stations, offices, 
housekeeper, maintenance supervisors, doctors* 
rooms, record rooms, diet kitchens, and elevators- 


A telephone service outlet should be provided iti 
the elevator shaft at mid-travel level for connec- 
tion of the telephone in the elevator. All tele- 
phones may be connected on a dial system that will 
permit Intercommunication without calling the 
hospital switchboard. 

The practice of Installing jacks in all patient 
areas for use of plug-in telephones is obsolete, 
Telephone instruments should be installed in all 
bedrooms for convenience of the staff in making 
this service immediately available for patients 
requesting and arranging for it . However, tele- 
phone jacks for use of portable telephones may be 
desirable in some wards and dayrooms. 

Public telephones should be provided at con- 
venient locations for visitors and others requiring 
the use of pay stations. At least one public tele- 
phone should be arranged so that wheelchair pa- 
tients can use It , 

Conduit should be installed for all telephone 
wiring. Surface wiring should be avoided to pre- 
vent a makeshift, dust-harboring appearance. 
Wire , equipment , and connections are usually pro - 
vided by the telephone company. 

Assistance in preliminary planning for tele- 
phone facilities may be found in reference 9. As- 
sistance for detailed planning for telephone serv- 
ice can be obtained from local telephone compa- 
nies, Most telephone companies are staffed 
with a communications planning service, which 
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should be utilized in planning and arranging for 
proper and adequate communications facilities. 
There is no charge for this service. The com- 
munications planning staff should be consulted in 
the early stages of construction planning so that 
the proper space and floor load-bearing strength 
can be provided for the equipment. Published in- 
formation available from most local telephone 
companies is helpful in preliminary planning. 


visitors). Some systems transmit audible sig- 
nals only, others transmit voice messages. All 
systems reported presently in use transmit one 
way only, that is, no talk-back features. How- 
ever, use of transistors and careful design ofre- 
celver-microphone instruments may reduce the 
size and weight enough to make two-way voice 
transmission practicable and generally acceptable 
for hospitals . 


Iniercoiiiiuuiiication Systems 

Intercommunication systems of the squawk- 
box type may contain a number of master stations 
anda number of remote stations for quick dispatch 
of instructions or communications within the area 
of the system . However, present hospital practice 
usually limits this type of communication to serv- 
ing areas such as maintenance shop and food han- 
dling and preparation. A modified and Improved 
offshoot of the squawk -box, or simple direct cal- 
ling intercommunication-type equipment includes 
such features as memory, or registration of un- 
answered calls. This equipment is applicable to 
patient-nurse call systems or other communica- 
tions throughout the hospital service areas. 

Paging Systems 

Two general types of paging systems arepres- 
ently used in hospitals -loud speaker and Lio. 
ach used for different purposes entirely. 

The loud-speaker system normally includes a 
microphonefeedingthroughan amplifierto a num- 
ro speakers. The areas normally covered are 

locations for issuing instructions in case of fSe 
or other catastrophe. 

Radio paging is the system currently recom- 
mended for locating individuals or traimitting 
messages to mdividuals. The basic component! 
of this system are : microphone - -usually at tele- 
phene ew tchbonrd; radio tranamlSr- 

m-amall lightweight-portable receivers tuned 

checks 

"Utto. andcarrledby. Individuals {stalfo^ilectS 


Nurses’ Call Systems 

Call systems must be Installed so that calls 
for nursing service may be registered by or for 
all patients. These call systems vary from the 
simplest type of a signal system to two-way voice 
communication and television. An Impoi'tant fea- 
ture common to all systems Is that the switch pro- 
vided for patients' use will register the call at tlie 
nurses' station. This feature may be varied or 
amplified to fitany practical situation by the vari- 
ous types of switches for actuating calls and the 
various points and means of registering calls. 
For example, the switch may be either push- or 
pull -type to be operated by hand or elbow, or 
cheek, or foot-operated for patients who cannot 
use their hands . Bed -actuated switches which 
indicate that a patient lias gotten out or fallen out 
of bed are available . Pull -cord - operated swlt ches 
are preferable for Isolation or contagious areas 
ecause these cords are Inexpensive and may be 
removed and incinerated. Anew cord can then 
be Installed for each new patient. 

include a signal 

light m the corridor over tlie door of the room 
hid originates and, except for slngle- 

station. A selection of 

is avallabW^’ annunciators 

registering calls at the nurses' 

other duty ututlouu'. 

tinct^^sl^nf^ stations for actuating dls- 
tollitrooiS^ installed inpatients' 

Incorporated into the 
thim?!o patient's bed for use by 

ionrs^uld h' " assistance. Call sta- 

erating il^d^f Psychiatric areas, op- 

erating, and delivery rooms . 
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Call stations installed in hazardous locations 
of anesthetizing areas must be explosionproof, 
and those installed in psychiatric areas may be 
activated by a key-operated switch located outside 
the door to an area, for use bythe nurse or attend- 
ant. 


witli reliable manufacturers of sound equipmen( 
maybe helpful in determining the type andcapacitv 
of equipment to plan for the space requirements 
for housmg the program amplifier, records, and 

Other equipment . 


Two-way voice communication is a feature 
which may be added to the signal system described . 
When, because of financial limitations, itisplanned 
first to install a signal system and later to add the 
voice feature, conduits large enough to accommo- 
date the wiring of the final installation shotild be 
included in the original Installation. 

Other sound services, in addition to the re- 
quired nurses' call, are optionally being provided 
for patients ' entertainment and information in many 
of the modern hospitals . These services include 
radio, recorded music and programs, and tele- 
vision; where these services are supplied together 
as a system, a cut-in feature for announcements 
should be Included. When provided for in the plan- 
ning, one speaker and one set of controls in a single 
enclosure may suffice for all these services. In 
this case, these systems should be supplied by and 
be the responsibility of one supplier for their sat- 
isfactory operation. 


Radio 

The radio is a source of noise frequently ob- 
jectionable to some patients who wish to read or 
rest. However, the presence of radios in homes 
and in many work areas has so established their 
customary use that they are often demanded by 
many patients . 

To eliminate the use of home-supplied radios 
of a variety of shapes, sizes, and undesirable con- 
nection arrangements, as wellas possible sources 
of contamination, it is recommended that radio be 
provided by the hospital according to a planned 
system. The hospital should provide suitable facil - 
ities necessary for good radio reception. These 
normally include an outdoor AM-FM antenna with 
llghtningarrester and a receiver -distribution sys- 
tem whereby commercial broadcasts, programmed 
music, and announcements may be distributed to 
the various receivers. Pillow-type speakers will 
minimize the disturbance to patients who do not 
wish to listen to radio programs. Consultation 


r elevisioii— Eiiteiiahiin ent . 

Television has augmented radio as a source 
of news and entertainment in homes, hotels, and 
places of amusement, which has led to an increas- 
ing demand for television receivers in hospital 
patient areas . 


To provide for good reception of commercial 
broadcasts of television programs is much more 
difficult than for radio programs . Terrain and 
structural materials between the sendmg and re- 
ceiving stations may, in many cases, cause Inter- 
ference great enough to result in relatively poor 
reception for portable sets using only built-in or 
rabbit -ear antennas, such as those frequently 
supplied on a rental basis . 


Where television is contemplated for patient 
areas, a carefully engineered system should be 
provided. This should include an outdoor antenna 
and coaxial cable lead-in fed through an amplifier 
to the individual receivers. Pillow -type speakers 
are recommended for all patient rooms even though 
they are single rooms, because the sound may be 
disturbing in other rooms . 


Television-Monitoring 

Closed circuit television is used in many hos- 
pitals. It Is frequently used in operating rooms 
to transmit information to consulting doctors for 
advice and to students for teaching purposes. It 
is also used in cardiac catheterization procedures 
for displaying the X-ray image of the catheter 
position. It is sometimes used for the nurse to 
view children and for visitor-patient two-way view 
where patients are in Isolation. 

Visitor -patient television Installations with 
audio provide an opportunity for children to com- 
municate with parents where children are not per- 
mitted to visit the patient's rooms. 
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Televisioii—Meclical 


Institute for Advancement of Medical Commur 
cation . 31(a), (b), (c)/ 


The clinical applications of a medical tele- 
vision system in hospitals are principally for teach- 
ingand for consultations with specialists. Although 
a closed circuit TV system is generally recom- 
mended for medical television, serial broadcast 
on specially assigned wavelength between hospitals 
several miles apart has been used in a few cases 
where costs of installing conductors for a closed 
circuit system would be prohibitive or where such 
installation is impractical . 

For televising surgical procedures as demon- 
strations, temporary equipment including a boom 
for holding the camera, has been used. 

For permanent Installation in surgeries, the 
camera should be adapted for use with the surgi- 
cal light or located so as not to interfere with this 
light because most surgical lights are adjustable 
both for positioning and focusing. A gallery or 
adjacent room for a monitoring station and a view 
window for the operator are required. 


Remote Dictation Service 

Facilities are recommended for doctors 
dictate reports from a remote location. This wi 
be convenient for doctors and will permit nio] 
efficient use of secretarial and typing service, 
Facilities presently available for remote dlctatk 
may be provided by one of the following method) 

1 . Utility telephone system equipment : Con 
nectlon to a re cording device may be made throug 
the utility telephone dial service , This Instru 
ment has recording facilities for a total re cor'd 
ing time of 2 hours for each recording drum , Tel 
ephone connection and disconnection stai-ts an 
stops the recording instrument. Completion c 
the 2 -hour total recordings Is signaled throug 
the telephone receiver and is also indicated at th 
recording instrument. These dictations nmytliei 
be transcribed for the signature of the doctor . 


A television system for ordinary teachingpur- 
poses, such as that of classroom Ulustrated lec- 
tures, may be provided by a much less expensive 
camera tlian that needed for live television of sur- 
gical procedures . Such a system could be operated 
for two distinctprocedures : (1 ) making recordings 
locally or at some other Instltutionj and (2) play- 
back of recordings that are obtained from any 
available source. 


The cost of purchasing, Installing, andopei 
ating closed-circuit television systems has prot 
ably restricted their widespread use. Howevei 
numerous advancements have been made recentl 
by organized groups and others interested in teach 
ing and in the clinical applications of television i 
medicine and dentistry. Costs maybe kept with! 
reach by proper selection of equipment to mee 
specific needs. As an example of costs, televisioj 
cameras are avaUablefor prices ranging from a 
out $600 to $50, 000, depending upon the qualit' 

0 work required , Keasonably satisfactory result* 

are being achieved in many instances by cameraj 
priced at about $1,000 and less. Video tape re- 
cordings offer many advantages in teaching at « 
reasonable cost of equipment. Additional Infor- 
mation on this subjectmaybe obtained from the 


2 • Recorders by commercial suppliers 
Dictation facilities may be provided wholly or in 
partby some of the commercial suppliers of sucl 
recordingequipment as follows: (a) The complete 
assembly of recorders and private telephone sys- 
tem may be purchased by the hospital . In this 
case, dictation could be made from any of these 
telephones on the hospital premises but not over 
the utility telephone system, (b) Recorders may 
be purchased by the hospital from commercial 
suppliers and connected through a "Dial Dictation 
Trunk" supplied by the utility telephone system. 
In this case, dictation maybe made from any con- 
necting telephone of autillty system, local or re- 
mote. 


Telnutograpli Transcriber 

Telautograph transcribers which trans m it 
written messages from one department to another 
are bemg used successfully in some hospitals, 
These systems have the advantage of leaving a 
written record of the message at the sending and 
receiving stations. Where installation of this I 
equipment is contemplated, conduit should be In- 
stalledfor the necessary wiring. This equipment 
may be obtained ona rental or pur cliase agreement, i 
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Pneumatic Carrier Tube Systems 

Pneumatic tube systems are extremely useful 
to dispatch relatively small items such as records, 
prescriptions, or orders from one department to 
another , The carriers of these systems are pro- 
pelled by electrically operated pressure systems, 
vacuum systems, or vacuum -pressure combina- 
tions . Dispatching of the carriers may be either 
by automatic or nonautomatic systems . Pneumatic 
systems for transmitting short written messages 
without a carrier are available. 

Automatic routing of a carrier from one tube 
station to another tube station Is accomplished by 
anelectrical control system which directs the rout- 
ing to the dropout at the selected station. Control 
contacts must be set at the sending station before 
a tube is dispatched . 

In a nonautomatic system, all carriers dis- 
patched from any remote station for delivery to any 
other remote station are dropped at the central sta- 
tion where they are manually redispatched by an 
attendant to the selected station. 

Tile automatic system eliminates the need of 
a central dropout station, thereby saving time in 
routing and employees to reroute carriers , 

Doctors’ In-aiid-Out Registers 

The doctors' in-and-out register system per- 
mits the doctor to register with a minimum of ef- 
fort and delay by operating a switch adjacent to his 
name. Usually these registers Include signal 
boards containing staff doctors' names or identi- 
fying numbers at all entrances normally used by 
doctors and at the telephone switchboard. All 
boards are electrically connected to register the 
same signal simultaneously. A recall feature may 
be included which consists of a flasher unit having 
a motor driven interrupter which actuates a flash- 
ing light at the doctor 's name on all register boards . 
This feature assures the doctor's attention upon 
entering or leaving the hospital . The control for 
this unit is located at the telephone switchboard, 
The mechanics of registering In and out in hospitals 
equipped with radio paging are usually geared to 
the system established for check-inand check-out 
of the lightweight portable radio receivers . 


CalbBack Systems 

Call-back or return call systems provide a 
relatively inexpensive means of a "wake-up" or 
calling service for interns and nurses. Calls ini- 
tiated in the office or at the switchboard actuate 
a bell or buzzer in the quarters . An answer switch 
is provided to acknowledge that the call has been 
received . Wiring may be arranged for individual 
calls or connected so that one button may call sev- 
eral rooms or stations simultaneously. 

Fire Alarms 

A manually operable interior fire alarm, ar- 
ranged to sound audible alarms throughout the 
premises, including distinctive visual or audible 
alarm signals at each nurses' station, should be 
provided in every hospital as required by the Life 
Safety Code . 

Presignal alarms calling for an investigation 
to determine that a fire actually exists before ac- 
tuating the general alarm are not permitted In hos - 
pitals, because it is highly Important that extin- 
guishment procedures stait without delay and be- 
fore the fire spreads and becomes more difficult 
to control. It is preferable to respond to some 
false alarms than to a fire that has gained consid- 
erable headway because of a delay in notifying fire 
fighters . 

Alarm signals should be distinctive in pitch 
and quality from other signaling devices. The 
alarm system should indicate the origin of the 
alarm at the telephone switcliboard, boiler or en- 
gine rooms, fire brigade headquarters, adminis- 
trator's office, nurses' home, and other appropri- 
ate locations. 

In cooperation with the municipal fire depart- 
ment, arrangements should be made to transmit 
any hospital fire alarm automatically to the mu- 
nicipal fire department by direct connection to 
their fire alarm system or through another sig- 
naling service . Where such automatic signaling 
to the municipal fire department is not possible, 
provision should be made for prompt notification 
by telephone or by other means . 

A fire alarm box is desirable near the main 
entrance of the hospital either at the telephone 
switchboard or in the administrative office . 
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uevices usea in tne alarm system stiould be 
listed by (Jnderwriters* Laboratories, Inc. or 
Factory Mutual Laboratories, or certified to 
comply with the requirements of these listed de- 
vices. hi all cases, the system should be electri- 
cally supervised, preferably the code signal type 
or visual indicator type, and should comply with 
NFPA No. 72. ({})/ One type of visual in- 

dicator consists of a board portraying the building 
or area plan on which small lamps indicate the area 
of the building from which the alarm signal was 
Initiated. 


general information only, because they are used 
occasionally for specific functions in hospitals. 
They have been used in laboratories, ventilating 
systems, operating rooms , animal rooms, and in 
areas where tubercular patients are treated for 
control of airborne organisms. Direct and/or re- 
flected radiation from these lamiis is harmful to 
eyes and exposed skm of people, depending on the 
radiation Intensity and exposure duration. Use of 
these lamps should not be contemplated unless the 
installation is carefully designed and proper main- 
tenance is assured . 


Special Installations 

Electr oencephalographic s u i t e « --Facilities 
for elect roencephalographic (EEC) examinations 
may be required in some large hospitals. 

An EEC diagnosis includes the measurement 
of electric potentials of the brain as measurable 
at the scalp. Because these potentials are extremely 
small, a highly sensitive instrument is required to 
detect and amplify the signals. To minimize un- 
wanted pickup of static or other electrical disturb- 
ances with the wanted EEG information, special 
construction of the examining room may be re- 

Medical electronics .-Th^ use of electronic 
equipment in hospitals has increased tremendously 

ZavreatZT' surgical and 

heart catheterization procedures, recovery, and 

ntensive care nursing areas. It is also used 
torfeT^'^To purposes and inlabora- 

ries. To obtain maximum benefits from this 

quipment, proper space and facilities for use 
liZTkT be pro- 

7° P''?'’®"tgross waste oftime, effort, scace 

Procurement ofLc- 
tronlc equipment should be baspH r.n • 

the equipment and interpret the data (preferably 
ot hospital poopio 

hJjspital.''''^^^^'^^^ maintained b^the 

•1. 

violet, lamps are mentioned here for 


j -*vv**i*^ k-tAt-xciviuicL en- 

ergy in the range of 253 . 7 millimicrons wavelength 
are capable of destroying bacteria, mold, yeast, 
and virus . The amount of energy required to kill 
mold spores and bacteria varies conslderablyfor 
each strain. ^2,37/ por example, 1,680 micro- 
watt-seconds per cm2 are lethal to some orga- 
nisms while 19,700 are required to kill others- 

mo as 

132. 000 microwatt-seconds per cm2 are required . 

The penetration of 253. 7 millimicron ultra- 
violet energy into opaque or particulate matter is 
aoextremely small that orgaiilsm.s attached to air- 
borne dust particles may survive in a radiation 
field when tlie dust particle shades the organism 
a sufficient part of the radiation exposure time. 

is characteristic of small penetration applies 
to lamps coated with dust. To be reliably effec- 
Dve, bactericidal lamps must be cleaned frequently 

cldal of dust. Bacterl- 

to kill thTmoT «fs»«icient concentration 
llohi t organisms within a rea- 

theTr evesTndr " 

yes and skin were protected, Use of ultra- 

la several 

<iuci„":,rr" tacS k dSLTbadTn Alr”'/,!: 

tration of Microbial Partfclpo 40/ — — 


Maintenance Shop 

.a a^aa^Xypa^Thr r*®"""^ 

trie service, An elec- 

Is conduciU'topr?ve^Sve^^'’ supplies, 

important in cLrof 1 

in case of emergencies , Even a brief 
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lighting failure may cause annoyance and appre- 
hension, and it invariably interferes with nursing- 
services. Failure of operating room lights or es- 
sential equipment, such as therapeutic equipment 
and respirators, may have extremely serious con- 
sequences. No effort should be spared to mini- 
mize the occurrence of such failures and to be 
equipped to make the necessary repairs to restore 
service in the shortest time possible . 


Tests ami Inspections 

After all wiring, switchboards, fixtures, and 
equipment are in place, they should be tested to 
determine that : (1 ) conductor Insulation resistance 
is not less than that specified in the contract plans 
or required by the NEC; IM/ (2) the system is free 
from short circuits or other faults; (3) motors 
startand rotate correctly: (4) lighting circuits are 
completely connected; (S) conductive floors are 
within specified resistance limits; (6) ground de- 
tector operates as specified; (7) all other equip- 
ment operates correctly and as specified. 

The contractor should furnish to the owner a 
dated copy of all test readings, the name plate 
record of test instruments, and the name and title 
of person or persons who performed the tests. 

Continual testing and inspections of all elec- 
trical installations are responsibilities of the hos- 
pital owner. Suitable meters should be readily 


available at the hospital at all times for measuring 
oltage and current within the normal range of the 
installations . Other meters should include an ohm- 
meter set complying with NFPA No. 56 recom- 
mendations for testing tlie resistance of conductive 
oois and furniture in anesthetizing areas, a shoe 
tester for testmg conductive shoes on wearer, a 
ight meter, and other meters as specifically 
needed. Methods of testing floors and equipment 
are described in NFPA Q58-6. ii/ Liformation 
on the selection and care of photometric instru- 
ments is provided in IBS Transactions. 11/ 


Permanent Records 


Legible plans and diagrams should be furnished 
to the hospital to indicate the location, size, and 
switching arrangement of all feeders and circuits, 
mdudlngthe emergency power circuits. In a sim- 
ilar manner, record plans of all other electrical 
systems installed, such as nurses' call, paging, 
clock, and fire alarm should be furnished. Such 
plans and dia^ams are highly valuable when re- 
pairs, alterations, or extensions of service are 
needed , 

A complete set of descriptive bulletins, shop 
drawings, and operating and maintenance instruc- 
tions for all equipment and controls should be as - 
sembled and indexed by the contractor and delivered 
to the owner. 
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